Introduction
Lung cancer (LC) is the third most common cancer diagnosis among men and women and the leading cause of cancer-related death in the United States. LCs were implicated in an estimated 159,260 reported deaths in 2014, accounting for 27.2% of all cancer-related deaths and surpassing the combined mortality of breast, colon, and prostate cancers. These sobering numbers are underscored by advances in surgical, chemotherapeutic, and radiation therapy (RT) yielding marginal improvements, with the five-year relative survival increasing from 11.4% in 1975 to 17 .5% in 2006 [1] .
While these execrable outcomes are principally due to LC's virulent nature, there is an increasing interest in identifying modifiable co-morbidities affecting prognosis to improve survival outcomes. For instance, LC's relatively asymptomatic presentation emphasizes the need for prompt diagnosis during its initial stages, which primarily relies on physical examination and imaging. Therefore, any disparities affecting health care accessibility considerably influences one's ability to be diagnosed and receive subsequent treatment, drastically affecting their clinical outcome.
Numerous empirical investigations explored and documented disparities in LC incidence and diagnosis [2] , access to treatment [3] , and survival [4] [5] . Most focus on potential disparities among ethnicities, insurance and Medicaid status, geography, socioeconomic status (SES), and education level. Shugarman and colleagues reported no correlation between residing in a rural environment and survival [6] . A systematic review by the American Thoracic Society revealed patients with Medicaid or no insurance had higher LC incidence rates and were diagnosed at later tumor stages, correlating with poorer overall survival (OS) rates compared to those with private insurance or Medicare [7] . Other investigations demonstrate lower SES is associated with poorer OS in LC in other countries [8] as well as in the United States [9] . The aforementioned and other studies yielded important results with respect to the impact of these potential disparities on the multidisciplinary approach of LC in America. However, there is a dearth of studies examining social inequalities exclusively among patients who underwent treatment following diagnosis. Ascertaining the existence of these potential disparities becomes increasingly important as more Americans, particularly those of lower SES, gain treatment access through the Affordable Care Act.
In this study, we analyze the relationship of regional poverty level with race, age, gender, and tumor stage to determine whether SES-dependent disparities exist. We then analyze the independent effect of SES disparities on the OS of LC patients, as well as on those who received RT, after adjusting for influential confounders. To our knowledge, this is the first report demonstrating that regional poverty level-dependent disparities in OS exist across the United States among LC patients, and persevere specifically among those who undergo RT.
The National Cancer Institute 18 Surveillance, Epidemiology, and End Results (SEER) program state and regional population-based cancer registries were used to obtain information regarding 386,551 lung and bronchus cancer diagnoses (International Classification of Diseases  for Oncology, 3rd Edition histology codes 8000-8005, 8010-8015, 8020-8022, 8030-8035, 8041-8046, 8050-8052, 8070-8076, 8078, 8120-8124, 8140, 8141, 8143, 8147, 8200, 8201, 8230, 8231,  8240-8246, 8249-8255, 8260, 8310, 8320, 8323, 8430, 8480, 8481, 8490, 8510, 8550, 8551, 8560,  8562, 8570-8576, 8800-8806, 8810 , 8811, and 8813-8815) [10] . SEER collects demographic, tumor-related, treatment-related, and follow-up information from 18 regions in the United States, accounting for approximately 27.8% of the United States population as per the 2010 census.
SES was measured as the percentage of persons living below the federal poverty line in a patient's county of residence. All 3,143 counties in the SEER database were sequentially listed by reported percentages of persons below poverty residing in each respective county in 2000. These counties were divided into roughly equal quintiles, such that quintiles 1, 2, 3, 4, and 5 represented counties reporting 0-7.63%, >7.63-10.33%, >10.33-14.13%, >14.13-17.91%, and >17.91%-45.38% of their respective populations living under the federal poverty line. Every patient was linked to their county of residence and placed into one of the five poverty groupings.
Individual-level variables of interest included SES quintile, gender, race, age and tumor stage at diagnosis, and type of RT received. To reflect the impact of recent and rapid advancements in LC-directed RT modalities [11] while maintaining a population with adequate statistical power, patients diagnosed with LC, regardless of RT status, from January 2000 to December 2009 were chosen. Patient data were age-standardized to the International Cancer Survival Standard derived by Corazziari et al. [12] . Staging at diagnosis was based on the American Joint Committee on Cancer (AJCC), 6th edition [13] . RT was defined as receiving external beam radiation (EBRT), radioactive implants, radioactive isotopes, combination EBRT with implants and isotopes, and RT not otherwise specified (NOS). Patients not receiving RT, and who refused treatment, were tallied for each SES group. Patients with unknown tumor stage or unknown county of residence were excluded, providing a final study population of 200,962.
Statistical analysis
Descriptive statistics for factors of interest were reported as n (%) for categorical measures and as mean, median and standard deviation for continuous measures. Factors were compared between the poverty quintiles using chi-square tests and analysis of variance (ANOVA) as applicable. Chi-square tests, two-sample t-tests, and ANOVA were employed to analyze bivariate relationships of interest. The main outcome was death due to any cause, and time to death was defined as time from date of diagnosis to either the date of death or the date of last follow-up/data collection. Patients were censored at the date of last follow-up/data collection if they had no record of death in the SEER database. Kaplan-Meier survival analyses employing the log-rank test were performed to evaluate OS differences by demographic/clinical factor levels of interest. Unadjusted (UVA) Cox proportional hazards regressions were performed to evaluate the hazard of death due to any cause as a function of the poverty quintile and of other factors of interest. Multivariate (MVA) Cox proportional hazards regression was constructed with all factors to evaluate the independent effects of poverty level and receipt of RT on OS. Specifically, two MVAs were constructed in order to show RT results with two separate reference categories. Subsequently, UVA and MVA Cox proportional hazards regressions were performed just within the cohort of patients who received RT. All tests were two-sided and considered significant at the 0.05 alpha level. All analyses were performed in R (3.2.1) for Windows.
Results

Patient demographics and clinical variables
Between 2000 and 2009, 200,962 patients were diagnosed with LC (Table 1) . Overall, our cohort entailed a higher proportion of males (53.8%) than females. However, the proportion of male patients increased with the poverty level: quintile 1 had a 2% greater male population while quintile 5 had a 16% greater male population. The majority of patients were Caucasian (82.6%), with African American and 'other' (Native Americans, Asians, and Pacific Islanders) comprising 11.3% and 6.0% of the study population, respectively. The proportion of Caucasian and 'other' patients in each quintile generally trended down with poverty level while the proportion of African American patients per quintile increased with the poverty level. On average, women were diagnosed one year older (mean age 68.64) than men ( Table 2 ). The age of diagnosis trended down with increasing poverty level, with quintiles 1 and 5 reporting means of 68.60 and 66.95 years old, respectively. There were minor but significant differences among SES quintiles in the proportions of diagnoses made at each AJCC stage. Of all patients diagnosed with LC, 59.1% (n=118,676) did not receive RT, 39.3% (n=78,913) underwent RT, and 1.6% (n=3373) refused RT despite being recommended for treatment. The patients who did not receive RT (mean = 69.54 years old), and who refused to undergo RT (mean = 73.34 years old), were older than all groups who underwent various RT modalities ( Table 3) . EBRT was used in 97.3% of all patients who underwent RT, with under 1% of patients receiving radioisotopes, radioactive implants or combination EBRT, and implants or isotopes. Another 2% of patients received RT whose modality was not specified in the SEER database ( Table 4) . Analyzing the AJCC stage at diagnosis (Table 5) , late-stage (III and IV) LC trended towards a higher likelihood of receiving RT than early stage (I and II) LC. Stage IIIA had a greater proportion of patients undergoing RT than stages IIIB and IV. Additionally, a larger proportion of patients who refused RT were diagnosed at later stages. Analyzing RT by SES for stage IV patients ( Table 6 ) revealed minor but significant differences among quintiles with respect to the proportion of patients receiving RT and the number of patients refusing RT. 
Survival
Kaplan-Meier curves of OS by poverty quintile, AJCC stage, and treatment modality for all patients, and for those receiving RT, are respectively shown in Figures 1A-1F . Patients in quintiles 1 and 5 trended towards the lowest and highest mortality rates, respectively (log-rank <0.001). This trend persevered among those receiving RT ( Table 7) , with five-year OS incrementally decreasing with worsening SES. Caucasians demonstrated lower mortality rates than African Americans but higher than that of 'other' ethnicities ( Figure 2A ). Males had higher mortality rates than females ( Figure 2B ). Mortality rate generally increased with tumor stage.
Overall, stage 0 patients demonstrated higher mortality rates to patients with stage I disease; however those in stage 0 receiving RT demonstrated lower mortality rates than those receiving RT in later tumor stages. Patients who refused treatment had the highest mortality rates while the lowest mortality rates were seen among those not receiving RT. 
FIGURE 1: Overall Survival
Regression analysis
Discussion
This report provides a descriptive analysis of the impact of disparities on LC survival, with attention to those receiving RT. Consistent with reports from several studies [9, [14] [15] , the majority of LC diagnoses continue to be made notoriously later in the disease pathogenesis, with 50% of all initial diagnoses made at stage IV, and 76% of all cases diagnosed at stage III or IV. There were minor but significant differences among SES quintiles in the proportions of diagnoses made at each AJCC stage. The proportion of Caucasian and 'other' (Native Americans, Asians, Pacific Islanders) patients in each respective quintile generally trended down with poverty level while the proportion of African American patients per quintile increased with poverty level. While our overall study population consisted of a greater proportion of males, the relative proportion of each quintile's male constituency increased with poverty level. This brings into question whether women are being appropriately selected for LC screening in regions of lower SES.
The patients who did not receive RT and who refused to undergo RT were older than all groups who underwent various RT modalities. Additionally, late stage LC cases trended towards a higher likelihood of receiving RT than early stage LC cases. Collectively, these observations likely reflect clinical judgments weighing the benefits of undergoing RT in the context of the respective patient's expected long-term prognosis. Minimal differences existed among SES quintiles with respect to the proportions of patients diagnosed at stage IV who were offered RT and who refused RT.
Women had superior survival to men, consistent with prior reports that women had better survival than men regardless of the type of treatment received, possibly attributed to gender differences in tumor development and biology [16] . In agreement with findings by Tannenbaum and colleagues [9] , Asians and Pacific Islanders demonstrated the lowest mortality rates, followed respectively by Caucasians and African Americans. Compared to not receiving RT, the UVA showed a higher hazard of death associated with receiving 'any RT.' However, when adjusting for other clinical parameters in the MVA, the hazard ratio for receiving 'any RT' flips, suggesting a protective effect on survival. This observation may be secondary to the aforementioned role of clinical judgment when deciding to offer a patient RT, accounting for patients at later stages having improved survival with RT while healthier patients, or those who would likely not benefit from RT, are not recommended for treatment.
LC patients who underwent RT in affluent regions demonstrated incrementally improved OS rates compared with their cohorts living in impoverished regions, consistent with prior studies showing living in areas of higher deprivation is associated with poor LC survival [6, 9, 14, [17] [18] . In particular, the highest mortality rates were observed among quintiles 4 and 5. These findings parallel a retrospective cohort study of LC cases in a Delaware tumor registry that reported no significant disparities existed between patients in the three higher SES groups but associated lower survival with being in the lowest SES group [15] . Rengen et al. reported greater utilization of emerging RT approaches in patients living in regions with lower poverty rates and lower unemployment rates among LC patients treated at 45 RT facilities between 2006 and 2007 [19] . This warrants evaluating whether patients in impoverished regions have access to newer RT techniques and modalities that may improve treatment outcomes. The United States government is actively working towards recognizing and remediating the underlying causes of disparities in LC treatment [20] [21] . In light of these endeavors, disparities in health care access, screening, and treatment availability, as well as behavioral and occupational factors are growing public health concerns impacting diagnosis, treatment, and follow-up.
Patients were placed into quintiles based on their county of residence's poverty rate, which may not accurately portray individual financial status, healthcare management, and subsequent survival. This information is difficult to obtain considering SEER documents whether a patient received RT but does not provide the time between diagnosis and RT, confirm undergoing the entire treatment course, treatment tolerance, or survival following completing RT. While several individual-level demographic variables were accounted for, insurance status, marital status, education level, ability to travel to health care facilities, and the management of other co-morbidities (e.g. smoking status, diabetes, cardiovascular disease) can impact survival and are potential sources of social inequality to be considered in future analyses building upon these findings.
Conclusions
We demonstrate that upon accounting for age, gender, race, SES, and tumor stage, RT may provide a positive survival benefit among LC patients who received treatment. However, while minimal differences exist among counties of differing poverty rates regarding diagnoses made by tumor stage, or patients receiving RT, regional poverty level-dependent disparities exist with respect to OS, including among those undergoing RT. Furthermore, these SES disparities in OS persevere after accounting for other demographic and clinical factors. Underlying reasons for these disparities in lower SES regions may include lower follow-up rates (and inadequate medical management of treatment-related adverse effects), unidentified and unmanaged medical comorbidities, or differences in quality of living and social support. Clinicians and public health officials aware of the importance of regional SES factors should strive to improve LC treatment outcomes in impoverished areas. Additionally, these results warrant investigating whether SES-dependent disparities in OS exist among those undergoing other treatment modalities (e.g. surgery) in LC and those receiving RT for other malignancies.
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